In general surgery and in spinal surgery, allogeneic blood transfusions (ABT) have been related to increased post-operative complications [12, 13, 37, 39]. As such, reduction in ABT is a high priority in spinal surgery. Recently, techniques to reduce the need for ABT during spinal surgery have surfaced in the orthopedic surgery literature.
Abstract The purpose of this study was to examine factors associated with the utilization and cost of blood transfusion during and post-spinal fusion surgery. A retrospective, observational study of 42,029 inpatients undergoing spinal fusion surgery in United States hospitals participating in the Perspective TM Comparative Database for inpatient use was conducted. Descriptive analysis, logistic regression, and ordinary least squares (OLS) regression were used to describe the factors associated with the use and cost of allogeneic blood transfusion (ABT). Hospitalization costs were $18,690 (SD=14,159) per patient, erythropoietin costs were $85.25 (SD=3,691.66) per patient, and topical sealant costs were $414.34 (SD=1,020.06) per patient. Subanalysis of ABT restricted to users revealed ABT costs ranged from $312. 24 Due to the limited research on the current use of these techniques, we conducted a retrospective, observational study to determine the use and cost associated with ABT using a national inpatient database.
Materials and methods

Study design
A retrospective, observational study design was used to assess the blood service cost and utilization associated with ABT during and post-spinal surgery. This enabled us to assess the current use of key transfusion reduction techniques including use of pharmacological interventions, erythropoietin, cell saver, autologous blood, and blood dilution techniques in the US.
Data and patient selection
Patients were selected from United States hospitals participating in the Perspective Comparative Database (PCD), an inpatient database developed and maintained by Premier Inc., Charlotte, NC for the purposes of quality and utilization benchmarking. The Perspective database contains data at the individual patient level including data consistent with the standard hospital discharge file including demographic and disease state information as well as information on all billed services including datespecific logs of medications, laboratory, diagnostics, and therapeutic services on a total of three billion patient daily service records and adding approximately five million hospital discharge records per year. PCD is the largest inpatient database in the United States, representing data from over 700 US hospitals.
The sample included a total of 42,029 inpatient discharges indicating spinal fusion surgery by principal International Classification of Diseases, Ninth Edition, Clinical Modification (ICD-9-CM) procedure codes from 268 hospitals between July 1, 2003 and June 30, 2004 . Patient discharges were then grouped by ICD-9-CM codes into the following groups: CERV (cervical fusion, ICD-9: 81.01-81.03), ANTLUMBAR (anterior lumbar fusion, ICD-9: 81.04 and 81.06), POSTLUM-BAR (posterior lumbar fusion, ICD-9: 81.05, 81.07 and 81.08), REFUSCERV (cervical refusion, ICD-9: 81.31-81.33), REFUSANTLUMBAR (anterior lumbar refusion, ICD-9: 81.34 and 81.36), REFUSPOSTLUMBAR (posterior lumbar refusion, ICD-9: 81.35, 81.37, and 81.38), and 360DEGR (360 degree fusion, ICD-9: 81.61).
Outcome measurement
The outcome measures included use of ABT and total cost of blood transfusion. Total cost of blood transfusion was measured using the total blood bank departmental cost recorded in each patient record. Total cost represents the actual cost to treat the patient incurred by the hospital, and does not represent billed charges. It is the sum of direct costs and overhead costs. Direct costs represent items that are used specifically by the patient such as physician costs, treatment costs, food, etc. These costs are itemized and recorded in the hospital accounting system by department and then by patient. Overhead costs are costs associated with hospital functionality such as staff costs (including nursing, administrative and management personnel), electricity, depreciation of medial equipment, etc. These costs are usually added to the patient's record in the hospital accounting system as a standard cost also by department.
The use of ABT was measured through any use of allogeneic blood transfusion at any time during hospitalization in patient records. Classification of hypotensive anesthesia was conducted by the staff clinical pharmacist at Premier Inc. who reviewed the use and doses of anesthetics by the sample and determined whether their use was probably for hypotensive anesthesia or not.
Statistical analysis
Descriptive analyses were conducted to examine patient characteristics, blood management, and costs associated with surgical procedures. Patient characteristics included age, gender, race, primary payer, admission source, admission type, discharge status, attending physician specialty (not physician conducting procedure, but rather care coordinating physician during hospital stay), APR-DRG severity level (severity scale ranging from level 1-least severe to level 4-most severe, based on predicted spending due to patients comorbidities), consulting physician specialty, geographic region, and living status (urban or rural). Blood management included use of both pharmacological and non-pharmacological techniques. Pharmacological products included any use of volume expanders, erythropoietic agents, hypotensive anesthesia, or anti-fibrinolytics.
The multivariate analysis included logistic regression for identifying factors predicting any use and OLS regression to identify factors predicting costs. Logistic regression was used to predict any ABT any time during hospitalization while controlling for potential risk factors including surgery type, age, gender, primary payer, admit type, attending physician, APR-DRG severity level, discharge status, geographic region, teaching status, bed size, population served, binary variables for any use of hypotensive anesthesia, volume expander, topical sealant, erythropoietic agents, cell salvage, or autologous transfusion. The OLS regression was used to predict the total cost of blood transfusion controlling for key covariates, including all variables from the logistic model except any use of cell salvage and any use of autologous transfusion.
Results
Patient characteristics
Patient characteristics are illustrated in Table 1 . The sample consisted of mostly white patients (75.21%). Cervical fusion was the most common type of spinal surgery (18, 389) , followed by posterior lumbar fusion (17, 058) . The other groups had less than 4,000 individuals each. The median age ranged from 46 to 56 years across the groups. Medicare represented 26.54% of the sample, while those with managed care plans accounted for 40.93%. An elective surgery admission was the most common type of surgery admission (85.45%). The POSTLUMBAR group had a much higher percentage of individuals discharged to skilled nursing homes (7.17%) compared to the other groups. Attending physicians were mostly either orthopedics (40.43%) or other types of surgery specialties (52.35%). Only 1.16% of the sample included patients in the fourth and most severe level of the APR-DRG severity scale.
Blood avoidance techniques
Almost one-third of all patients received hypotensive anesthesia on the day of surgery (Table 2 ). Only about 3% of patients received volume expanders in the CERV and REFUSCERV groups compared to almost 26% in the REFUSANTLUMBAR group, and between 9 and 17% in the other groups. Anti-fibrinolytics were used by less than 1% of patients in any group. Topical sealants had high utilization rates (59% to almost 80%). Erythropoietic agents were used by almost 9% of the ANT LUMBAR group; however, they were not commonly used in any of the other groups. Only about 1-3% of patients in most groups received autologous blood, while almost 7% of those in the POST LUMBAR group used autologous blood. A higher percentage of patients used cell saver blood than autologous blood in all groups. Almost 18% of patients in the REFUS ANT-LUMBAR group used a cell saver while the range for the other groups was from 1.4 to 12.9%. ABTs were required by 17.8 to 19.8% of patients in four groups while three other groups also had between 2 and 8% of patients requiring transfusion.
Descriptive cost analysis
Cost analyses are shown in Sub-analyses were carried out to examine costs of blood products among patients who were users of blood products, accounting for 10.7% of the total population studied (Table 4) 
Use of allogeneic blood transfusion
The logistic regression results (Table 5) revealed that all spine groups except the REFUSCERV group had a significantly greater risk of ABT compared to the CERV group. Males had a lower risk of being transfused compared to females (OR=0.62, 95% CI, 0.57-0.68). African Americans had a greater risk than whites (OR=1. 
Total cost of blood transfusion
The regression analysis predicting total blood bank costs (Table 6 ) indicated that all spine groups, except for the REFUSCERV group, had higher costs associated with transfusion compared to the CERV group. 
Discussion
Findings have revealed the burden of blood transfusion to patients that have undergone spinal surgery in the US to be high. This study was intended to identify factors that are associated with the use and cost of ABT during hospitalization for spinal surgery. Large blood loss during major spinal surgery often leads to the use of allogeneic and autologous red blood cell products, as well as platelets and fresh frozen plasma [2, 28] . The use of allogeneic blood products can introduce several risks, including transmission of blood-borne infections such as hepatitis and human immunodeficiency virus, and induction of immune-mediated transfusion reactions. Additionally, the immunomodulatory effects of allogeneic transfusions can lead to an increase in post-operative bacterial infections, longer lengths of hospital stay, and greater hospital costs [3, 18] . Autologous blood transfusions also present infection risks-in one study, 6.3% of autologous blood (including intraoperative salvage blood) was contaminated with bacteria (mostly Staphylococci) [36] . Recent discharge data from 3,988 adult patients in the US undergoing all types of spinal fusion surgery procedures showed that 30% received at least one blood component transfusion of any type (RBC, FFP, or platelets; allogeneic or autologous) [2] . A higher transfusion rate is expected in a patient population undergoing larger procedures, as the number of vertebral levels fused has been shown to be a strong predictor of the need for transfusions [42] .
The results of the sub-group analysis on patients with a need for transfusions supported the clinical experience that blood loss and need for blood products is generally higher in the revision surgeries for patients undergoing cervical surgeries (CERV vs. REFUSCERV) leading to higher costs for blood product. However, the same increase in blood use in refusion of anterior lumbar and posterior lumbar surgeries could not be identified (ANTLUMBAR, POSTLUMBAR vs. REFUSANT-LUMBAR, REFUSPOSTLUMBAR). A possible explanation could be that revision surgeries are less extensive procedures compared to the primary surgery in order to minimize the surgical trauma.
With patient characteristics, we found that females were more likely to be transfused, which is consistent with a study of 3,988 Maryland spinal surgery patients by Berenholtz et al. [2] . Unlike Berenholtz et al. [2] , we found that African Americans were more likely to be transfused than whites.
As for transfusion reduction techniques, some of our findings differed with previous data mostly obtained through smaller clinical trials or single-site observational studies rather than from a representative database as described in this paper. We found that patients that received erythropoietic agents were more likely to receive ABT which contradicts a meta-analysis by Laupacis et al. [23] of small clinical trials in which they found that erythropoietin reduced the likelihood of ABT, whether given alone or in conjunction with autologous blood. An explanation of the difference in our findings may be due to the proactive use of erythropoietin as a reactionary method used in patients with an identified high risk of bleeding with a high likelihood of receiving blood transfusions as opposed to a more prophylactic use in all patients undergoing spinal surgery. Previous research has also been mixed on the use of hypotensive anesthesia with some studies indicating the decreased need for ABT when it is used [21, 29] while others have shown no reduction in ABT with use [25] . Our study indicated that use of hypotensive anesthesia was associated with use of ABT. Although many steps were taken to correctly define hypotensive anesthesia, it is impossible to determine that the anesthesia given was due to a hypotensive state; therefore, our definition may have inflated the utilization of hypotensive anesthesia. This assumption of treatment-condition link is often difficult to measure in secondary data [17] As for erythropoietin, a reason for this finding could be due to a proactive use of hypotensive anesthesia in patients with a presumed high risk of major blood loss during the surgical procedure. This may also be due to the study design being observational rather than experimental. Like the use of erythropoietin, the use of hypotensive anesthesia has been studied in single site or experimental studies with investigator control, albeit difficult to conduct such a study completely blinded to the investigators.
This study represents the current techniques being conducted in hospitals across the US. However, consistent with most previous research [5, 6, 33] we found the use of cell saver to have a protective effect against ABT. Although previous work on topical sealants has shown a significant benefit in reducing the need for ABT [38], we did not find a significant effect of its use. We found that use of autologous blood was highly predictive of the use of ABT. While no studies were found indicating that autologous blood use may be predictive of ABT, we expect that the use of autologous blood may be predictive of the need for allogeneic blood while autologous blood donation may not be predictive of ABT and the difference between the two should be considered.
All techniques in the analysis were found to incur a higher cost associated with their use, except for topical sealants. We expected that the use of any technique to reduce the need for ABT would incur a higher cost than not using the technique. This simply means that the cost associated with each technique is greater than that of the cost of ABT deferred. Therefore, the use of topical sealants was the only technique that was found to actually reduce the costs associated with ABT beyond that of the costs incurred by the sealant. Because they were not found to reduce the need for ABT, i.e., induce a clinical benefit to the patient, the advantage of sealants might be merely due to a surgical technical one rather than a true benefit to patients. As the total cost analysis illustrates, none of the techniques reduce the total cost of ABT beyond that of the costs associated with the transfusion itself.
Conclusion
The current use of blood reduction techniques, both pharmacological and non-pharmacological, appears to be low. It is beyond the scope of this paper to investigate the reasons for the under-use of these techniques, but it may be because of reasons associated with cost, potential adverse events or lack of strong clinical evidence. Anti-fibrinolytics which have been found to be highly effective at reducing the risk of ABT in spinal surgery [8, 35, 41] were utilized by less than one 1% of the sample. This is also consistent with other techniques such as erythropoietic agents with a utilization of less than 4% in the highest utilization group. While these techniques have been utilized very infrequently, ABT is highly utilized. Although the overall use and costs of ABT appear to be low among all spinal surgery patients, among users of ABT, the utilization and costs associated with ABT per patient were considerable. Thus, this study has helped identify a subset of patients undergoing spinal surgeries where use of ABT would likely be highest. Overall, it is apparent that ABT remains a burden to the US population undergoing spinal fusion and current blood reduction techniques offer little relief. Future research is needed to identify factors that drive the use of blood transfusion in these patients, and the beneficial effects of using new blood reduction techniques that improve physician burden and patient outcomes, which can be both quantitative and qualitative. 
